The authors of this article have studied physical and mechanical properties of several gold alloys rating 585 and 375. Modern scientific studies demonstrate a significant influence of different modifying admixtures on the properties of gold-containing alloys. For comparison purposes they've chosen 15 jewelry gold-based alloys with different chemical composition and impurities i.e. Ga, Co, B, Si, Zr, Mn, or without them. To conduct the study they've used all available physical and mechanical methods. The alloys were tested for hardness after casting, after aging, the tensile and breaking strength as well as for relative wear resistance. The results of each alloy were analyzed individually and also in comparison with others. The purpose of the study was to identify alloys with the most optimal hardness, strength and wear resistance. Keywords: trade analysis, gold alloys, alloy admixture, mechanical properties, physical properties.
Introduction
The article contains the results of studies of physical and mechanical properties of gold-based alloys containing modifying admixtures. To compare the quality of gold-based jewelry alloys they've studied 15 jewelry alloys the chemical composition of which is given in the table below. No. 7 alloy was chosen as the main reference alloy. The given alloy meets the requirements of GOST 30649-99 and is deemed to be "traditional" due to its common use by domestic jewelry enterprises. The main drawback of this alloy is insufficient quality of the jewelry, whereat, in aggregate, inherent characteristics of the alloy meet the technological and consumer requirements both during manufacture and in service. The main alloy drawbacks are induced by dendritic segregation during casting due to irregular arrangement of golden and silver elements, which reduces the reliability of finished products, and by rather high surface roughness and low characteristics of mold filling, which, from the technological point of view, makes the process of jewelry manufacture quite complicated.
Method
To conduct the study they've used all available modern methods, namely: microstructural analysis that is used to determine the microstructure and phase composition of the gold alloy; X-ray analysis that is used to identify the phases on the basis of their crystal-structural characteristics and chemical composition of the microdomains of gold alloys; conventional methods that are used to study physical and mechanical properties of precious alloys.
Results
Comparative analysis of properties of gold alloys under the study is given in table 1 below. The Vickers hardness test showed that apart from No.6 alloy with traditional composition Au -Ag (40 HV) and No. 12, 14 (with Co, B, Si and Zr, Mn) alloys, the hardness of which is a little bit higher (142, 143HV), the hardness of all other alloy samples was approximately equal (120 HV).
After-ageing hardness tests showed significant -up to 75% -increase in hardness of alloy samples No. 1, 2 , 4, 6-7 and 12-15 , which speaks of a significant positive result.
High hardness of alloys is an important prerequisite for qualitative finishing of end products. In alloys number 3, 8-11 the ability to strengthen after casting is quite low, which can be explained by the presence of Ga impurities in their chemical composition. Breaking strength for each of the alloys has been established in the course of the relevant tests, the results of which showed that so called "traditional alloys" i.e. of No. 5-7, had rather low breaking strength (26-28 kg/hg 2 ). When testing these alloys, they've obtained rather high percentage of defective castings in the places of cuts.
The highest breaking strength rates were observed in alloy samples No. 8-11 and 12-15. This phenomenon can be explained by the presence of granules of the smallest sizes within their structure.
It should be noted that the results of analysis of existing jewelry alloys showed the presence of a certain number of defective castings with the signs of gas porosity.
We may conclude that additives contained in the alloy samples No. 8-11 and 12-15 reduce the number of macrodefects. Thus, the casting of No.2 alloy (the one, the composition of which is almost identical to the composition of alloys No. 8-11 and 12-15, but without additives) resulted in 30% of defective castings compared to 10 %, which resulted from the casting of aforementioned alloys.
The study of wear processes and evaluation of their role in the wear resistance of alloys allows determining those alloy properties, which control its ability to resist degradation when interacting with abrasives, and setting requirements to the composition and structure of wear-resistant material.
The use of aforementioned study approaches, to include equipment and devices, have made it possible to determine the most suitable type of alloy and its optimal structural state that significantly increases the product's life.
The comparison of wear resistance of materials, which were obtained during tests at different laboratory settings and in real-time operation, showed that the level of wear resistance of all the alloys was practically equal.
Thus, the analysis of the problem showed that only a record of all the circumstances of wear that include the properties of abrasive bodies, external conditions of wear, the nature of the wear environment, the pressure that abrasive bodies cause on the working surface of the component, the temperature at the point of contact, speed of movement and the degree of corrosive effects on the metal, all this together allows setting requirements to the chemical composition and structure any wear-resistant material should comply with.
The study of operational environment and the analysis of samples wear patterns allowed us revealing rather complicated process of moving, jamming and destruction of abrasive particles in the area of radial clearance, which causes intense wear of jewelry alloy samples in the working area. The radial clearance value (δ) is one of the main operational parameters, which largely determines the mechanism of destruction.
Provided metal matrix structures of test samples allowed us concluding that under operating conditions alloy strengthening capabilities that are ensured by increasing surface hardness and wear resistance could hardly be realized in this particular case. Maximum alloys wear resistance is achieved with their highest initial hardness, while decrease in hardness that is achieved via the increase of silver in the structure, leads to an increase in wear rate. The influence of zinc on the alloys wear resistance has been revealed when comparing alloys similar in chemical composition and different only in zinc content.
The given studies have shown a significant impact of zinc content and modifying elements on alloys wear resistance. The increase of wear resistance due to quantification of the volume of modifiers turned to be rather convincing. Wear rate of samples number 3 and 8-15 was less than wear rate of alloys with simple chemical composition i.e. of No. 1-2 and 4-7.
In this case, wear resistance is significantly dependent not only on the total content of the reinforcing phase in the structure, but on the working surface orientation of structural grains as well.
The results presented in this article suggest that the product's operating environment considered herein and working surface orientation of structural grains are more significant factors for greater wear resistance of the alloy than the structural state of its matrix. Therefore, the main point in the development of wear-resistant material is to get an alloy with the highest possible content of the reinforcing phase and its favorable orientation to the surface of wear. At that, it is important to note that the type of the metal matrix is selected on the basis of structural strength of the products and their technological effectiveness.
It is known that high strength and hardness of the alloy ensures its increased wear resistance. The study of No. 12-14 samples wear resistance has revealed that provided for high initial hardness and strength, alloys were characterized by maximum resistance under given operating conditions. Their structure contains the largest number of modifiers. One could quite clearly observe the relation between the content of the solid phase and the wear resistance of alloys, which proves that modifiers greatly increase the ability of the alloy to resist fracture under abrasive destruction. Accordingly, as concerns jewelry wear conditions, gold-based alloys with numerous reinforcing phases are considered to be the most promising in this respect.
The tests have shown that low wear resistance (ε = 0.8) is typical for No. 6 alloy, the structure of which consists of a copper base with minor deposition of α-phase grains along the boundary.
Small wear resistance is also common for materials which build β-phase structures in the molten metal. Thus, in operation, samples number 2 and 7 (with coarse grain structure) are characterized by low wear resistance (ε=1.04 and 1.18, respectively) and the absence of the reinforcing phase.
Thus, this group of alloys has sufficient technological and operational reliability. However, due to almost complete absence of the reinforcing phases in the structure their wear resistance is 2.29-3.39 times lower than the one of samples No. 12-14, which witnesses of their low usability in the given conditions. The analysis of test results showed that with the same contents of phases, alloys wear resistance is determined on the basis of matrix hardness, which indicates the amount of α-phase. Thus, when the ratio of α/γ = 50/50 (Cu/Au), wear resistance makes 1.1, while when the ratio is 60/40 (Cu/Au) and 90/10 (Cu/Au), wear resistance makes 1.5 or higher. However, the amount of γ-phase has a more significant effect than the aggregate hardness boosted only due to the increased microhardness of the metal base. Thus, with the increase in the number of the reinforcing phase to 5%, even though α/γ ratio is 25/75, one could observe the increase in the alloy's wear resistance to 2.5 and higher. Alloys of this group are hardly inclined to the formation of cracks and have sufficient technological and operational reliability. At the same time, insufficient amount of β-phase in the metal structure does not ensure its sufficient level of wear resistance.
High wear resistance is native to No. 12-15 alloys that contain considerable number of α-phases. The lowest wear resistance (ε=5.1) in this group belongs to No. 15 alloy. Insufficient wear resistance of the given material is associated with low microhardness as compared to microhardness of abrasive particles, which causes low-cycle destruction of friction surface.Much higher wear resistance belongs to No. 12, 13 alloys (ε=2.77 and (ε=2.57 respectively). Increased wear resistance is ensured by the materials with additional boron doping, which boosts carbide phase and alloy base hardness.
Superior wear resistance in the given operational environment is native to No. 14 alloy (ε=2.81), the microstructure of which consists of a solid solution with small particles of the reinforcing phase i.e. of zirconium and manganese. Such increased ability to resist wear is ensured by the fact that the microhardness of inclusions in these materials is equal to or higher than the one of abrasive particles.
Metallographic examination of the worn surface showed that at this microhardness ratio, abrasive particles are partially or completely destroyed when colliding with the reinforcing phase. As a result, it loses its cutting properties and ceases its destructive action.
At that, the length of the track caused by plastic deformation of the metal during friction or removal of microchippings is limited by the distance between two solid inclusions.
Due to the numerous destruction of the metal micro-volumes into larger ones, that occurs in the process of wear between excess phases, the matrix surface has much deeper traces of plastic deformation, which makes solid phase go above the surface of the alloy base.
Thus, in actual jewelry operational environment high wear resistance of heterogeneous alloys that contain a significant amount of the reinforcing phase is concerned with the Charpy's principle i.e. less solid structural component (base alloy) is destroyed primarily. At the same time, No. 3 alloy with minor inclusions of Ga had rather acceptable wear resistance in the given operational environment, as it has a high tendency to cracking and excessive brittleness, which results in breakage during use.
Conducted studies have shown that the alloys wear resistance in the given operational environment depends upon matrix microhardness and their reinforcing phase. In any other equal conditions, the alloy wear resistance is determined on the basis of matrix microhardness.
However, even at the highest value of microhardness, the alloy matrix cannot ensure high wear resistance as the microhardness of abrasive particles is by 1.40-1.76 times higher than the one of the matrix.
Analysis of the influence of the amount and microhardness of the reinforcing phase on the metal's ability to resist wear in operation has shown that a significant increase in wear resistance is observed if solids content is not less than 50% and with excess phase microhardness to abrasive ratio equal to or more than 1.3.
At the same time, when developing wear-resistant material with a high content of the reinforcing phase, the selection of the metal matrix should be directed to obtaining matrix with high microhardness, which can cause considerable brittleness and thereby reduce the alloy matrix ability to firmly hold particles of the reinforcing phase.
Thus, the results of studying standard and test materials showed that in the operational environment alloys with small amount of the reinforcing phase in their structure, even though being less prone to cracking, have low wear resistance and their use doesn't allow increasing their service life in specific wear conditions.
No. 12 and 14 alloys wear ratio is 2.29-3.39 times higher than of No. 7, No. 8 and No. 9 alloys. Therefore, one may use them to make jewelry with high wear resistance.
Discussion
Test alloys surface analysis has shown that out of the surface structures of all the castings obtained during the study No. 3, [8] [9] [10] [11] alloys castings had the most qualitative surface structure.
Furthermore, taking into account a number of tests that we've conducted to determine mechanical properties, it can generally be concluded that No.12-15 alloy samples have good physical, mechanical and technological indices equal to the indices of alloys No.8 -11 used by the field leaders. The study of operational environment and of wear nature has determined that jewelry is prone to intense abrasion wear. It has been shown that 5% reinforcing phase has much greater effect than the structural state of the alloy matrix.
Alloys wear analysis has shown that No. 12-15 alloys are most suitable for actual-use environment. To ensure high wear resistance the alloy should contain up to 5% of the reinforcing phase and its microhardness should not be less than HV = 215.
